Background: Cosmetic products need not be classified and labelled according to the Regulation on Classification, Labelling and Packaging (CLP) in the European Union, even if they contain dangerous substances. What would happen without this exception? Would cosmetic products have to be labelled if they were treated like any other consumer product? Results: The criteria of the CLP Regulation were applied to a selection of cosmetic product formulas in a conservative approach. All but one product contain hazardous ingredients in amounts that would lead to classification and labelling of the mixtures. 85% of the products analyzed would have to be labelled because of potential negative effects to the eye, and 52% because of potential negative effects to the skin. The signal word WARNING would have to be on the labels of 64%, DANGER would have to be on 33% of the products.
Interorganization Programme for the Sound Management of Chemicals Coordinating Group in Art 1.1.2.4 who says ". . ., cosmetics, . . . will not be covered by UN GHS in terms of labelling at the point of intentional intake. . . . further discussion will be required to address specific application issues for some product use categories which may require the use of specialized expertise." Apart from this word-for-word quote, there is no statement in the official UN GHS text about the treatment of cosmetic products. The following general sentence is not restricted by any exceptions (in 1.1.3.1.4) "For the consumer sector, it is expected that labels will be the primary focus of GHS application."
There are additional provisions in the European CLP Regulation which are important for a potential classification of personal care products:
(1) Certain hazard and precautionary statements and pictograms need not be listed on the product label of containers if these are smaller than 125 ml ( [1] Annex I 1.5.2.1.1, Table 1B ). Shampoos, liquid soap or shower gels are examples of products sold usually in bigger containers than 125 ml, whereas most personal care products, like tooth paste, deodorants, aftershave, perfume, lip stick, or nail varnish are usually sold in smaller containers. (2) Supplemental statements on the product labels inform the consumer if the criteria for classification are not fulfilled, but information exists about a potential hazard e.g. sensitization Table 1 (C)). (3) However, you will find single cosmetic products with labels: Aerosol dispensers, such as hairspray, must be labelled for their physical hazard class as highly flammable according to EC 75/324 [5] and CLP Regulation Art.14(2)c). This labelling requirement could also mislead some consumers. They might think that cosmetic products must be labelled in general and there would be no hazard other than the flammability of hair spray. In addition, some instant nail glue products made in Table 1 Synopsis of the various passages of the CLP regulation and the relevance for cosmetic products
Consequences for cosmetics
What would happen without the general exception for cosmetics?
General exception for cosmetics (A)
No labelling of any cosmetic products.
Many cosmetics fulfill the criteria for classification and labelling and would need to be classified and labelled.
Special regulations for containers smaller than 125 ml (B)
Many cosmetic containers are smaller than 125 ml.
Most cosmetic products that fulfill the criteria for classification and labelling are sold in small containers. Only a small number of H-statements would be applied to cosmetic products in small packages.
Labelling of mixtures which are not classified as sensitizing (C)
Most cosmetic products contain sensitizing fragrances.
Most cosmetic products would have to be labelled.
Stricter classification due to data gaps (D)
There is insufficient published data for many cosmetic ingredients.
The final classification of many cosmetic ingredients would be more severe than in the examples listed here, as I did not consider data gaps as criteria to classify cosmetics more strictly.
Classification of aerosol dispensers (E)
Hair spray is labelled, irrespective of the general exception for cosmetics.
This regulation is not affected by the general exception for cosmetics.
Respective paragraphs in the CLP regulation [1] .
(A) Art. Switzerland are also labelled, although Switzerland has adopted the CLP Regulation with the exception for cosmetic products. Table 1 gives an overview about some legal aspects in the CLP Regulation relevant for a potential classification of cosmetic products and their consequences. The last column summarizes what would happen if the general exception for cosmetics in the CLP Regulation were abolished.
Is the exception for cosmetics justified?
There are several possibilities why an exception of labelling would be justified for a certain product group. The following potential reasons are briefly discussed for cosmetic products: [9] (C&L Inventory) might allow to derive rough classifications of the products for someone who makes the effort already now. 7. "Labelling would lead to a decrease in sales of personal care products." Probably not. It is difficult to isolate labelling as one factor that would affect the sales numbers for a consumer product. E.g. there is no information whether sales of washing and cleansing products went down because of the labelling. Health warnings on tobacco products seem to have affected neither consumption nor sales. If cosmetic products were labelled, this might lead to a shift to products with less hazard pictograms, and such an effect should be in everybody's interest. 8. "The image of beauty and wellness that many consumers associate with cosmetics would be endangered when the mixtures are labelled as dangerous." Probably not. Some consumers would certainly be surprised to see personal care products labelled as dangerous. However, consumers know about the deleterious effects of alcoholic beverages or cigarettes and they still consume these products. The general public has the right to be informed about the reality by correct hazard pictograms. 9. "The classification of single substances by various producers is not consistent. Therefore, product classification is not feasible." No. This argument would be valid for classification and labelling of all products and would make classification in general impossible. Instead, this argument would plead for a more consistent classification of ingredients.
There might be further reasons why an exception for cosmetics was taken up in the CLP Regulation, but the arguments listed here that plead against this exception are strong.
Results
The classifications presented here tend to be underclassifications to outline the best case, not the worst case. As I did not have the comprehensive data base like the producers of the respective products, I deliberately made the following assumptions which may lead to less severe classifications: (1) Where self classifications of various companies differed in several H-statements, I used the classification which the majority of companies agreed upon, which was usually not the most severe classification. (2) In most basic recipes no specific chemical names were given for preservatives, colorants, pigments or fragrances. In these cases I did not consider them at all, although it is known that most of them are hazardous substances. 
.1). (4)
I pretended that all properties of all ingredients are known and did not make use of the possibility to subtract substances with unknown properties ([1] Annex I 3.1.3.6.2). However, when no information could be retrieved for more than 20% of the total product, products were not considered further. Most decorative cosmetic products which contained up to 10% of unnamed pigments reached this limit and could not be analyzed further. Also natural ingredients pose problems for the correct classification, as the available information is scanter than for synthetic ingredients. Some ingredients do not have a CAS or EC number and could not be investigated further. Products which contained more than 80% water were not considered if half of the remaining ingredients were unclear. (5) I pretended that the pH values are in a medium range and not extremely low or high. Therefore, I did not consider pH-effects of mixtures. (6) I pretended that diluted ingredients are diluted with water and not with any other solvent. (7) I had no information about the physical properties like thermal stability, heat of combustion, flash point or boiling point of the mixtures. I assumed that these properties were not crucial for cosmetic products and considered only the physical hazards of aerosol dispensers. (8) When the components were heated to allow chemical reactions before preparation of the final product (e.g. for soap production) I considered neither the raw material nor the reaction products.
On this background producers might obtain different results using the precise composition of their own products and the data of their specific ingredients without a deliberate under-classification as I had to do here.
Criteria for classification and labelling were applied to 41 cosmetic products as described in the Methods. Eight products could not be dealt with further due to insufficient data. Classifications and labels of some products are illustrated in Figure 1 and the resulting H-statements of all 33 products are compiled in Table 2 (A). One product (3%) would not need to be classified and labelled. None of the products would need to be labelled with GHS01 (explosive), GHS03 (oxidizing), GHS04 (compressed gas) or GHS06 (acutely toxic). Five products (15%) would need to be labelled with GHS05 (corrosive), 25 products (76%) with GHS07 (acute hazard) and 7 products (21%) with GHS08 (chronic hazard) and one product (3%) with GHS09 (environmental hazard). The signal word WARNING would have to be on the labels of 21 products (64%), DANGER would have to be on 11 products (33%).
The list in Figure 1 shows some examples of the 41 products analyzed. The classifications tend to be less severe as illustrated in the text. According to Article 18 of the CLP Regulation ". . .. the identity of all substances in the mixture that contribute to the classification of the mixture as regards acute toxicity, skin corrosion or serious eye damage, germ cell mutagenicity, carcinogenicity, reproductive toxicity, respiratory or skin sensitization, specific target organ toxicity (STOT) or aspiration hazard" must be written on the label (see first column). Substances responsible for other hazard statements need not be listed by names.
The most frequently allocated H-statement was H319 'Causes serious eye irritation.' (61%), followed by H315 'Causes skin irritation.' (33%). 85% of the products would have to be labelled because of potential negative effects to the eye (H318, H319 and H314). 52% of the products would have to be labelled because of potential negative effects to the skin (H314, H315 and H317).
Labels of classified products should also bear the precautionary statements (P-statements). I listed the respective P-statements which the H-statements in Figure 1 would entail Table 2 (B). Child resistant fastenings and tactile warnings would be required for products classified as 'Causes severe skin burns and eye damage.'. Not more than six P-statements should be applied to the container of a product out of the selection given in Table 2 (B).
Discussion

Cosmetics contain hazardous ingredients
All products scrutinized contain hazardous ingredients. In many cases, the concentrations of a hazardous chemical in the products were many times higher than the thresholds for classification. The 'eye zone cream' is the only product in the selection that would not need to be classified and labelled. However, it contains 71.9% water as solvent for the active ingredients. If in the course of application near the eye, half of the water amount evaporated, the product would have to be classified as 'Causes skin irritation. Causes serious eye irritation.' and labelled with the GHS07 pictogram (acute hazard). It is interesting to note that even some liquid products which contain more than 50% water would need to be classified. There are products where less than 10% of the ingredients were considered for classification and labelling, the rest being water or substances with unclear toxicity, which would have to be classified as mixture. Two products for the same purpose can be classified very differently, e.g. one insect repellent would have to be classified as 'Causes serious eye irritation.' and 'May cause an allergic skin reaction.' , the other as 'Suspected of damaging fertility of the unborn child.' One massage oil is classified as 'May be fatal if swallowed and enters airways.' , whereas the so-called carbon-free massage oil is classified as 'May cause an allergic skin reaction.'.
The following substances were ingredients in the products under scrutiny here, but their amounts stayed below the thresholds for labelling the mixtures: Several products contain ingredients which were classified as 'Toxic if swallowed. ' irritation.' were present, but only the sum of these ingredients would have led to a classification of the mixture, not the single substances. Substances present in products of the retail shops, where the exact percentage in the final product is unknown to the author, were for example Coumarin which is classified among other Hstatements with 'May cause damage to organs.' or Laureth-4 classified among other H-statements as 'May cause respiratory irritation.'. According to the CLP Regulation, mixtures which contain an ingredient without any usable information must be labelled with the additional statement "x percent of the mixture consists of ingredient(s) of unknown toxicity" ([1] Annex I Table 2.1.3 Note 2). This would have to be applicable to several cosmetic products.
According to the CLP Regulation, experiences made in epidemiological data and experiences from occupational data or accident databases should be taken into account. In the case of cosmetic products the information gathered by poison centers would be very precious for the classification process. This is one example where a better coordination between the Cosmetics Regulation and the CLP Regulation H411 Toxic to aquatic life with long lasting effects.
(3) P273 P39--
A) The percentage indicated is based on the number of products where the classification could be performed (33 out of 41). B) P-statements assigned to the respective hazard statements according to the CLP-Regulation. Note that P-statements need not be written on small packages according to the small quantity exception. would be very helpful [10] . When evidence in humans indicates problems with certain products, but the criteria for the regular H-statements are not met, supplemental hazard information should then be written on the container of such products. For cosmetic products this might be, e.g. EUH066 -'Repeated exposure may cause skin dryness or cracking.' , EUH070 -'Toxic by eye contact.' , EUH071 -'Corrosive to the respiratory tract.' ([1] Annex II Part 1). However, due to the general exception of the CLP Regulation this supplemental hazard information is not implemented for cosmetic products.
Sensitizers
The number of products labelled as sensitizing is presumably underestimated in the product sample here ( Figure 1 and Table 2 ), because quantitative information about the content of specific sensitizing fragrances were not available and did therefore not influence the classification of the product. Most cosmetic products contain fragrances, many of which are sensitizers [11] [12] [13] [14] . It seems to be rather difficult to produce scented personal care products with fragrances that are not labelled. I found that out of 111 fragrances frequently applied in cosmetics and washing and cleansing products 106 were classified in the C&L Inventory. Most of them are skin sensitizers or eye irritants. Also natural substances can be sensitizers and irritants, e.g. essential oils. Some products consist of a large fraction of fragrances, for example aftershave lotion contains 10% fragrances. Normally, mixtures which are not classified as sensitizing but contain at least one sensitizing substance in a concentration equal or greater than 0.1% must bear the supplemental label EUH208 'Contains (name of sensitizing substance) . . . May produce an allergic reaction.' ([1] Annex II Part 2 2.8) Table 1(C). This supplemental label element would be relevant for most cosmetic products, but it is again not applied to them because they are excluded from the CLP Regulation in general.
Carcinogens, mutagens and substances toxic to reproduction (CMR substances)
Preamble (32) of the new Cosmetics Regulation 1223/2009 says that CMR substances should be prohibited, but there are exceptions for these substances where their "use has been found safe by the SCCS" (Scientific Committee for Consumer Safety). The number of cosmetic products analyzed here which contained substances classified as carcinogenic, mutagenic or toxic for reproduction (CMR) is small. Mutagens (such as m-Phenylenediamine), carcinogens (such as Carbomer) or substances toxic for reproduction (such as Cyclomethicone) were part of the formulas scrutinized, but they usually stayed below the concentration thresholds for labelling and classification of the mixture. Many substances used in these formulas were classified as CMR substance in the C&L Inventory by a minority of notifiers, but these classifications were not considered here. Butylphenyl methylpropional classified as 'Suspected of damaging fertility or the unborn child.' is a frequently used masking agent present in products sold in retail shops, where the exact percentage in the final product is not known to the author.
Substances toxic for the aquatic environment
Cosmetic products are still underestimated by aquatic ecotoxicologists even as their predominant discharge is via waste water [15] . Some ingredients in the products discussed here were classified due to their aquatic toxicity, e.g. Cocamidopropyl Betaine or Lauryl Alcohol, but the amounts of these substances in the mixtures stayed usually below the thresholds for classification as dangerous to the environment. The only product classified as dangerous for the environment was perfume.
Practicability of the P-statements
The P-statements Table 2 (B) should help to reduce the risks for the consumers. It becomes evident that some P-statements would ask for different user behaviour or rather for a different formula of the respective personal care product to avoid the need for these P-statements. 
Cosmetic products are unique
Cosmetic products can be considered as safer compared to other consumer products due to the following aspects: (1) Many hazardous substances are prohibited or restricted according to the Cosmetics Regulation (see above). (2) Most personal care products are diluted in water. (3) The number of people suffering from direct negative effects due to cosmetic products is relatively low. In Germany, around 2-4% of the German population suffer from contact allergy to the fragrance mix 1 [16] . However, it must be assumed that the number would be higher, if also other fragrance compounds were tested. In addition, skin sensitization is an effect where the cause-effect can be detected relatively easily compared to other effects, like reproduction toxicity. This could indicate that the number of unrecorded cases of persons suffering from effects of cosmetic ingredients might be larger.
On the other hand, the risks posed by cosmetic products can also be larger compared with other consumer products due to the following reasons: (1) Repeated exposure increases the hazard ([1] Annex VI Part 1 1.2.1.), which is clearly the case for cosmetic products since many of them are used daily, such as tooth paste, soap or shower gel. (2) Cosmetic products are applied intentionally directly on the body surface and lead therefore to a higher exposure compared with most other consumer products. Leave-on products such as lotions or decorative cosmetics should be differentiated from rinse-off products such as shower gels or shampoos. (3) Most consumers use several cosmetic products, not only one single product everyday, which increases the exposure. (4) Solvents in cosmetic products increase fat solubility and therefore skin penetration. (5) Combined exposure of an allergen with a detergent e.g. in washing liquids can increase the allergic reaction [19] . (5) There are further interactions of substances, e.g. musk compounds are known to inhibit cellular xenobiotic export systems [17] . (6) Cross-reaction is known e.g. for some fragrances which are contact allergens [18, 19] . (7) Many ingredients are not stable, especially in light and at warm temperatures. The metabolites can be more toxic than the original compounds. An example for this case is D-Limonene with a low allergenic potency that can be oxidized by air to strong allergens [20] [21] [22] . Further examples are carcinogenic nitrosamines which can be contaminants or reaction products of triethanolamin and Cocamide DEA, frequently used components in decorative eye cosmetics [23] . Cosmetics have been demonstrated to be the cause of contact allergies and many of them contain acids, bases, inorganic salts, aldehydes, and surfactants, substances which can be corrosive or irritant at concentrations < 1% and would need to be considered with special care according to the CLP Regulation ([1] 3.2.3.3.4.1). (9) Cosmetic products are mainly discharged via waste water. Therefore, their toxicity to aquatic organisms is of greater relevance than for many other consumer products. (10) The products under scrutiny here correspond to the Cosmetic Regulation [6] . However, not all products in the retail shops comply with the requirements laid down there. Many products have to be withdrawn from the market because the levels of hydroquinone, methyl metacrylate, carbamide peroxide, hydrogen peroxide, formaldehyde, di-n-butylphthalate, di(2-ethylhexyl)phthalate or heavy metals were too high [24] . It is interesting to note that microbiological contamination is another frequent reason why cosmetic products need to be withdrawn [24] .
The comparison of personal care products with other consumer products shows that special properties of cosmetics ask for even more caution.
Action was taken recently to reduce the hazardous potential for a different product group: In the new toys directive [25] the thresholds for labelling sensitizing fragrances have been lowered (0.01% compared to 0.1%), for carcinogenic substances the threshold is now 0.0005% compared to 0.1%. This shows that there was concern about negative effects at these low concentrations [26] . More progress for a better consumer protection is also needed for personal care products.
Delusive containers
Cosmetic industry is very successful in creating attractive containers. Many decorations on containers of personal care products imply beauty, health and well-being. Considering their hazardous potential it might be questioned whether this goes along with Art 34 a (2) in the CLP Regulation which says: "Packaging containing a hazardous substance or a mixture supplied to the general public shall not have either a shape or design likely to attract or arouse the active curiosity of children or to mislead consumers, . . ."
Conclusions and recommendations
Cost-benefit analysis Cosmetics are beneficial: They play an important role for the personal hygiene (e.g. shampoo, soap or toothpaste), for skin care and protection (e.g. sun protection products), they are important for the well-being (e.g. shaving products, body lotion) or attractiveness (e.g. deodorants). These benefits go along with unpleasant properties such as the hazards described here or the risk of microbiological contamination. Labelling might lead to a shift to less hazardous specimens and would therefore help to reduce the negative aspects and maintain the benefit of cosmetic products. The labelling should be transparent and honest. It would not make sense if producers diluted products with water to avoid labelling.
Cosmetic products should be labelled and classified: abolishment of the exception As long as a decent risk communication for cosmetic products is not guaranteed by the Cosmetics Regulation [6] , the exception in the CLP Regulation should be abolished. This amendment of the CLP Regulation would best be made before mixtures will have to be classified and labelled according to the CLP Regulation in 2015.
Amendment of the small quantity exception
An abolishment of the labelling exception for cosmetic products would lead to a regular labelling requirement for containers bigger than 125 ml, e.g. most shampoos, shower gels or body lotions. Many cosmetic products which are sold in containers smaller than 125 ml would still not have to be labelled regularly because of the small quantity exception, which reads that only certain H-statements need to be written on the labels (see Table 1 ). This implies that for example skin irritation (category 2) and eye irritation (category 2) would not have to be written on the label of small containers. For better consumer information, the small quantity exception should be amended so that cosmetic products should be labelled and classified regularly, also when they are sold in smaller packages.
Consumers`right to know
Many consumers trust that personal care products are perfectly safe and do not pose any hazard. They should be informed and they should learn that cosmetic products might be hazardous. This would be one element of a successful risk reduction strategy.
Methods
The classification and labelling of personal care products was derived by application of the criteria given in the CLP Regulation. Bridging principles were not relevant as no information about comparable cosmetic products tested and classified as mixtures was available. 41 cosmetic products were selected from a wide range of product groups (e.g. [27, 28] ): baby skin product (2), after shave (2), shaving cream, deodorant (4), toothpaste (2), shampoo (2), hand and body lotion, shower gel, liquid soap and syndet, eye zone cream, massage oil, carotene skincare gel, all purpose cream, basic cream, hand cream, emulsion with panthenol, massage oil, hair spray (2), oxidative hair dye formula, bleaching lotion, depilatory cream, cold wave solution, mascara (2), lipstick (2), face make up remover, nail glue, perfume, alcohol free cologne, insect repellent (2) . The number of ingredients ranged from 41 (perfume) to a single one (nail glue). The formulas are basic recipes for standard products and correspond to lists of ingredients of products in German retail shops and cosmetic frame formulations [8] . The present selection of products is meant to illustrate the situation with some examples and it is not meant to be complete nor representative. The information on properties necessary for classification and labelling of all ingredients were compiled from data accessible to the general public. Preferentially harmonized classifications were used in the current C&L Inventory [9] . The classifications of substances registered according to REACH were compared with the classifications in the C&L Inventory. Most substances which are used more or less exclusively in cosmetics have not been registered according to REACH, whereas cosmetic ingredients used also in other applications like e.g. glycerol, hydrogen peroxide, isododecane, isopropanol, or phosphoric acid are registered. The recently installed cosmetic products notification portal according to the Cosmetics Regulation 1223/2009 [6] is not open for the general public and could not be used. The names used here are the INCI names [29] .
For many chemicals, especially those with low production volumes, not all toxicological and ecotoxicological standard tests were performed, so that the published information might not cover all relevant risks. Several compounds are not classified in the C&L Inventory, either because no hazardous properties were detected for the substance or because the substance was not scrutinized for its hazardous properties yet. Many cosmetic ingredients are produced in small production volumes (e.g. 1-10t/y). Data requirements for these substances according to REACH are rather small, so that the data might not be sufficient to decide about a classification.
